Wave-particle duality epitomizes the counterintuitive character of quantum physics. A striking illustration is the quantum delay-choice experiment, which is based on Wheeler's classic delayedchoice gedanken experiment, but with the addition of a quantum-controlled device enabling waveto-particle transitions. Here we realize a quantum delayed-choice experiment in which we control the wave and the particle states of photons and in particular the phase between them, thus directly establishing the created quantum nature of the wave-particle. We generate three-photon entangled states and inject one photon into a Mach-Zehnder interferometer embedded in a 187-m-long two-photon Hong-Ou-Mandel interferometer. The third photon is sent 141 m away from the interferometers and remotely prepares a two-photon quantum gate according to independent active choices under Einstein locality conditions. We have realized transitions between wave and particle states in both classical and quantum scenarios, and therefore tests of the complementarity principle that go fundamentally beyond earlier implementations.
INTRODUCTION
Quantum mechanics predicts effects that are in conflict with our everyday perceptions of nature. This is no better illustrated than in the wave-particle duality, where a single quantum system can simultaneously exhibit distinct and mutually exclusive features of a particle and a wave, respectively [1] . Hidden-variable theory was proposed to reconcile this conflict between quantum and classical physics. To rule out certain hidden variable theory, Wheeler proposed the so-called delayed-choice gedanken experiment to exclude the possibility that input photons can 'know' the settings of the experiment and behave accordingly [2, 3] . The basic concept of Wheeler's delayed-choice (WDC) experiment is shown in Fig.1A . Single photons are injected into a Mach-Zehnder interferometer (MZI) consisting of two beam splitters (BS1 and BS2), a phase shifter (ϕ) and mirrors. The choice of whether or not to insert BS2 into the MZI is made by an external observer, a quantum random number generator (QRNG) for instance, and is delayed until after the input single photons pass through BS1 and hence enter into the MZI. The choice of inserting BS2 results in phase-dependent photon counts at the single-photon detectors (D1 and D2), which are the manifestations of the wave properties of the input single photons entering the interferometer. In contrast, by removing BS2 the counts at D1 and D2 are independent of the phase ϕ and display anti-bunching behavior when the coincidence counts between D1 and D2 are measured. This leads to a seemingly paradoxical situation: Whether the input photons behave as a particle or a wave depends on the observer's delayed choice.
Wheeler's gedanken experiment has been realized on several experimental platforms, including photons [4] [5] [6] [7] , * E-mail: Xiaosong.Ma@nju.edu.cn atoms [8] , superconducting circuits [9, 10] and NMR [11, 12] (for recent reviews, see refs [13, 14] ). Very recently, a device-independent casual modeling framework for delayed-choice experiments has been theoretically proposed [15] , within which conflicts between classical and quantum physics are certified through a dimension witness under assumptions. This proposal has subsequently been implemented in a series of independent experiments [15] [16] [17] [18] .
As the configuration of the WDC experiment is controlled by the QRNG bit value (0 or 1), one can only probe the wave, the particle or the classical mixture of these two properties. The complementary interplay between particle and wave is well captured by the complementarity inequality [19] [20] [21] . In 2011, Ionicioiu and Terno proposed a quantum version of delayed-choice experiment (QDC) [22] , in which BS2 is substituted by a quantum-controlled beam splitter that can be in a superposition of being present and absent, as shown in Fig.1B . The configuration of the interferometer through which the system photon (S) propagates is determined by the quantum state of the control photon (C) by interactions. One advantage of the QDC experiment is that the experimentalist can arbitrarily choose the temporal order of the measurements on photons S and C. The QDC proposal and experimental realizations thereof are closely related to the well-known quantum eraser concept proposed by Scully and Drühl [23] . Note that the coherence in a quantum-controlled beam splitter has also been theoretically analyzed using entropic uncertainty relation in a non-delayed-choice configuration [24] .
The QDC concept invited broad experimental efforts across different systems [9, 10, [25] [26] [27] [28] [29] . In all QDC experiments, photons C and S have to interact directly in order to facilitate the operation of the quantum-controlled gate, which therefore hinders the realization of the required relativistic separations between relevant events. Later Ionicioiu and co-authors proposed a novel version of the non-local quantum delayed-choice experiment with multiple entangled photons [30] . Here we present the first experimental realization of such a non-local experiment with three photons, which goes beyond both the WDC [2, 3] and the QDC proposals [22] , and all previous demonstrations. Our work ultimately enables novel aspects of wave-particle duality to be explored, in the form of controllable quantum superpositions of the wave and particle states.
PROCEDURE OF EXPERIMENT
The conceptual scheme of our experiment is shown in Fig.1C . Three photons are involved: the system photon (S) that is sent through the interferometer and an entangled photon pair consisting of a control (C) and an ancilla (A) photon. Replacing the control photon with an entangled pair enables us to overcome the limitations of WDC and QDC experiments. We implement simultaneously quantum control as in the QDC experiments and the relativistic separation between the relevant events as in WDC experiment.
The procedure of our experiment is as follows. First, we prepare the initial input states of photon S and photons CA:
where |ψ i SCA is the initial state of photons S, C and A (as labelled in Fig.1C ), |H and |V stand for the horizontally and vertically polarized states of single photons, respectively, and δ is the relative phase between the |HV and |V H terms in the entangled state of photons C and A. Second, we send photon S into the interferometer, in which the output beam splitter is a Hadamard gate controlled by photon C. However, unlike the original QDC proposal [22] , where photon C is in a pure state (|H or |V , or their arbitrary superpositions), here photons C and A are entangled and the individual quantum state of photon C is a mixed state. The configuration of the interferometer for photon S does not depend on the quantum state of photon C, but on the correlation of photons C and A. This means that we can remotely prepare a two-photon quantum gate operating on photons S and C by controlling and measuring photon A. We can probe the wave property, the particle property and coherent superpositions of these two properties by projecting photon A onto the basis |α = cos α|H + sin α|V ,
. This can be seen when comparing the final state of photons S, C and A, |ψ f SCA , written in the form:
where we project photon C onto the |H , |V basis. Note that |p S and |w S stand for the particle and wave states of photon S, respectively [22, 30] . When photon S is in
, it behaves as a particle and when it is in |w S = e iϕ/2 (−i sin ϕ 2 |H + cos ϕ 2 |V ), it behaves as a wave. Correspondingly, the interference of photon S depends either strongly (for |w S ) or not at all (for |p S ) on the phase ϕ.
On the other hand, if we project photon C onto the |D , |A basis. |D = (|H + |V )/ √ 2 and |A = (|H − |V )/ √ 2 stand for the diagonal and anti-diagonal linearly polarized state of single photons, respectively. The final state is in the form of: Fig.1C , a QRNG generates a bit string of 0 or 1 to randomly choose an projection angle equal to α or 0 for photon A. When the QRNG gives a bit value of 1, the projection angle equals 0 and we can rewrite Eq. 2 as:
For the sake of simplicity, from now on we only discuss the results of photon A being projected into |α ⊥ A . The complementary results of photon A being projected into |α A are presented in appendix. If photon A is projected into |V A , photon S is in the particle state of |p S and shows no interference. On the other hand, when the QRNG gives a bit value of 0, then the projection angle equals α. In this case, photons S and C are in the state |ψ f SCA = − cos α|p S |H C + e iδ sin α|w S |V C , as derived from Eq. (2). Taking the trace over photon C gives a classical mixed state of photon S:
For this classical case, the probability of obtaining photon S in |H conditionally on projecting photon A into |α ⊥ , P C (ϕ, α) = P S=|H |A=|α ⊥ (ϕ, α), is a function of ϕ and α:
Note that P C (ϕ, α) does not depend on δ, the phase between the wave and particle states, manifesting its classical nature. By scanning both ϕ and α, we obtain the distribution of P C (ϕ, α).
Based on Eq (3), by projecting photon A on |α ⊥ and C on |A , we obtain the renormalized state of photon S:
which is a quantum superposition of |p and |w . This state can be probed with the quantum beam splitter controlled by projecting photon C into the |D /|A basis. The resulting probability of obtaining photon S in |H conditionally on photon C in the state |A and photon A being in the state |α
It is clear from Eq. (8) that P Q depends on the phase δ, displaying its quantum nature.
EXPERIMENT SETUP
In Fig. 2 , we show our experiment in detail. The experiment is distributed over two laboratories (Lab1 and Lab2), which are connected with optical singlemode fiber cables and electrical coaxial cables. In Lab1, femtosecond pulses (central wavelength 808 nm) from a Ti:sapphire laser with a repetition rate of 80 MHz are up-converted to blue pulses (central wavelength 404 nm). These blue pulses are used to generate four photons (photons S, C, A as defined in Fig.1C and an additional trigger photon T) via type-II spontaneous parametric down conversion in two β-barium borate (BBO) crystals placed in sequence [31] . Photons C and A are generated in BBO1, which is in the non-collinear configuration, and are in entangled states with tunable phase δ [32] . Photons S and T are generated in BBO2, which is in the collinear configuration, and are in product states |V H ST . We couple all four photons into single-mode fibers for later manipulation and detection. The detection of photon T heralds the existence of photon S. Photon S is then sent through a 186-m single-mode fiber coil and is guided to the polarization MZI. The polarization MZI consists of one half-wave plate (HWP) orientated at an angle of 22.5
• , a Soleil-Babinet Compensator (SBC) and a quantum-controlled Hadamard (CH) gate. The SBC introduces a relative phase ϕ between the |H and |V states. The CH gate consists of two HWPs with their fast axes oriented at an angle of 11.25
• and a controlled Pauli-Z (CZ) gate between them. The CZ gate is realized through three partially polarizing splitters (PPBS) and four HWPs [33] [34] [35] . To achieve a successful quantum CH gate, photons S and C have to arrive at the first PPBS simultaneously and interfere. Therefore, photon C is also passing through a 186-m single-mode fiber. For the details on the 186-m-fiber HOM interferometer, see appendix.
The key advance in our experiment, compared to previous QDC demonstrations, are that we realize a QDC experiment with multiple entangled photons and under Einstein's locality condition. To achieve this, we separate in space on the one hand the events of random choice deciding whether to project photon A into the |α /|α ⊥ or the |H /|V basis and, on the other hand, the events marking photon S entering into, propagating through and exiting from the MZI. Such separation is obtained by guiding photon A through a single-mode fiber from Lab1 to Lab2, which are separated by a line-of-sight distance of about 141 m. In Lab 2, we use an electrooptical modulator (EOM) controlled by a QRNG, which generates random bits to set, with approximately equal probability, the polarization-analysis basis for photon A to be |α /|α ⊥ or |H /|V . All photons are filtered with interference filters (IF, 3-nm bandwidth). Seven singlephoton avalanche detectors detect four photons in different spatial modes.
The space-time diagram of our experiment is shown in Fig. 2C . At the origin, we generate four photons in Lab1 (event G). Photons S and C are delayed in two 186-m fibers (930-ns delay in time) in Lab1 before entering the MZI. After that, photon S interferes in the MZI (event I) controlled by photon C. In addition, a delay of approximately 29 ns is introduced for photons S and C due to short fibers and free-space optics. Photon A is transmitted through a 215-m-long fiber (1075-ns delay in time) to Lab2. The QRNG has a repetition rate of 5 MHz, which means that the random bit and hence the settings of the EOM can change every 200 ns. The electric signal of the QRNG is shaped with a discriminator and sent to the EOM (event R), which modulates the polarization state of photon A. Then we analyze and detect the polarization of photon A (event D). The entire process between R to D takes 88 ns. The events relating to the interference of photon S in the MZI are space-like separated from the choice events and the polarization-projection events affecting photon A. These space-time arrangements enable a QDC experiment under strict Einstein locality.
RESULT
Photon S can be a particle or a wave, or a classical mixture of the two if we perform the corresponding measurements on photons C and A, as shown in Eq. 2 and 5. In Fig. 3A , we plot the ideal conditional probability of photon S exiting the polarization MZI in horizontal polarization as a function of the phase ϕ of the MZI and the polarization projection angle α for photon A, as shown in Eq. 6. Here we assume that the correlation of the photon source and the visibility of interference are unity. At α = 0 or π/2, photon S behaves as a particle or a wave, respectively, and hence no or full interference is seen. For the angles between 0 and π/2, photon S is in a classical mixed state of particle and wave. In this regime, the complementary principle is valid and can be quantitatively characterized by the complementarity inequality, as has been shown experimentally in the context of delayed-choice experiments [27, 36, 37] . In Fig. 3B and C, we show the expected and experimentally measured results, which agree well with each other. Note that the parameters used to calculate the probability distributions shown in Fig. 3B are based on the values obtained from independent experimental measurements. Comparing to Fig. 3A , there is noticeable visibility degradations, which is mainly due to experimental imperfections as quantitatively explained in appendix.
More intriguingly, photon S can be in a quantum superposition of its particle and wave states. As shown in Eq. 7, we can probe this superposition by projecting photon C and A onto the |D /|A and |α /|α ⊥ bases, respectively. In Fig. 3D , E and F, we show the ideal, the theoretically expected and the experimental results of the conditional probability of photon S exiting the polarization MZI in horizontal polarization as a function of ϕ and α (Eq. 7 with δ = 0), respectively. At α = 0 or π/2, photon S behaves as a particle or a wave, which is the same as in the classical case. However, distinct and subtle interference effects appear in the range between 0 and π/2, which are the signatures of genuine quantum superpositions. For detailed comparisons between the classical and quantum cases, see appendix.
The most direct proof for the quantum nature of the wave-particle superposition is to show that the result is sensitive to the relative phase between the wave and particle states, δ (see Eq. (7)). For classical mixtures, no such dependence exists (see Eq. (5)). In order to probe such phase dependence, we fix α at π/4, and measure P C and P Q as functions of ϕ and δ. The results are shown in Fig. 4A -C for the classical mixture between the wave and the particle states, which are insensitive to the phase δ. On the other hand, we show the results for genuine quantum coherent superpositions between wave and particle states in Fig. 4D-F . We stress that in the classical case P C remains sensitive to ϕ (Fig. 4C) , which means that the well-known complementarity inequality can be verified. However, verification of the complementarity inequality [19-21, 27, 36, 37] is not sufficient for proving that wave and particle states exist in a quantum superposition state. This is the key insight provided by the present work.
In conclusion, we have realized a non-local quantum delayed-choice experiment with multiphoton entangled
Witnessing and controlling wave-particle quantum superpositions. We fix α at π/4 and measure PC (ϕ, δ) and PQ(ϕ, δ) as functions of the phase ϕ of MZI and the phase δ between the wave and the particle states of photon S. We show the simulated ideal (A), theoretically expected (B) and experimentally measured (C) probabilities PC (ϕ, δ) for a classical mixture of particle and wave states. (D), (E) and (F) are the simulated ideal, theoretically expected and experimentally measured probabilities PQ(ϕ, δ) for a quantum coherent superposition of particle and wave states, respectively. PC (ϕ, δ) is clearly independent of δ, whereas PQ(ϕ, δ) is strongly dependent on δ, manifesting the quantum nature of the superposition of wave and particle states. states. We have shown that a single photon can be a particle, a wave, a classical mixture of particle and wave as well as a quantum superposition of particle and wave. Its property depends on the choice of the correlation measurements of two other photons, even if that choice is made at a location and a time such that it is relativistically separated from the photon entering into, propagating through and exiting from the MZI. Our work provides the realization of wave-particle quantum superposition and the first implementation of a full QDC experiment under strict Einstein locality conditions. tion of China The goal of our experiment is to realize a MachZehnder interferometer (MZI) with the quantum controlled Hadamard (CH) gate, acting as the output beam splitter (BS2 in Fig. 1C of the main text) . In order to realize this goal, we embed the MZI into a two-photon Hong-Ou-Mandel interferometer (HOMI), which enables us to realize the CH gate based on measurement-induced nonlinearity [33] [34] [35] . The schematic of our setup in Lab1 is shown in Fig. 5 .
We use a polarization Mach-Zehnder Interferometer (MZI), in which the first beam splitter (BS1 in Fig. 1C of the main text) is realized with a half-wave plate (HWP1) with its optical axis orienting along 22.5
• . Phase ϕ is adjusted by Soleil-Babinet compensator (SBC). A controlled-Pauli-Z (CZ) gate is made by three partial polarization beam splitters (PPBS1-3) and four half-wave plates (HWP3-6). Two W gates, realized with HWP2 and HWP7 oriented along 11.25
• , and the CZ gate constitute a controlled-Hardmard (CH) gate in the following We introduce delay for photon S with respect to photon C using a motorized translation stage which moves along the optical path to scan HOM interference pattern.
form:
which acts as BS 2 in Fig. 1C of the main text, where 
The subscripts represent photons being manipulated. All the PPBSs we used in the CZ gate have the similar optical specifications with the ratio of horizontal and vertical polarized light's transmission coefficients equalling to T H : T V = 3 : 1. To facilitate the CZ gate, we have to coherently overlap photons S and C on CZ. This is confirmed by the observations of HOM interference dip, which is realized by scanning the delay of photon S with respect to photon C. SBC introduces various birefringent phases, ϕ, for photon S as we adjust the thickness of SBC. We measure HOM interference patterns with phase ϕ changing from 0 to 2π, shown in Fig.6 (A-I) . These results show a relation between the position of HOM dip and phase ϕ, as in Fig.6 (J) . According to this relation, we set different values of the delay (corresponding to the position of HOM dip) for different phases in our experiment.
Appendix B: Lab2: Experimental details of photon A's measurement setup Our setup of Lab2 is shown in Fig.7 . To implement fast optical switch between |H /|V and |α /|α ⊥ basis, we use an electro-optic modulator (EOM) with optical axis oriented along 45
• relative to the laboratory coordinates and two HWPs at the angle θ. When random number is 1, α = 0
• ; when it is 0, α = 4θ − π 2 . After the rotation of angle α, photon A is detected in |H /|V basis. The details of electric and optical signal processing are shown in Fig.7 (A) . A quantum random number generator (QRNG), driven by 5 MHz square-wave signals from function generator (FG), takes about 80 ns to response to the driving signal and then streams out random numbers as shown in Fig.7 (B) . The random number signals (RNS) are divided into two identical copies, RNS1 and RNS2, respectively. RNS1 signals are shaped with a discriminator, amplified by the EOM driver and sent to EOM. EOM responses to the driving signal and modulates the transmitting light accordingly. Then we use two photon detectors (denoted as Detector H/V for horizontal/vertical polarization) on each output port of the PBS to analyze the polarization of output light. The whole process from quantum random number input to singlephoton detection output takes 88 ns as shown in Fig.15 (C). RNS2 signals are used to make coincidence counts and hence we can categorize the detector signals: photons being modulated at the high or low level of random number signals, corresponding to I /α gate operation. Then RNS2 and inverted RNS2 will both do AND operation with signal pulses from detectors and logic circuit counts the resulting four coincidence counts: Detector H with Identity(I ); Detector H with α gate; Detector V with Identity; Detector V with α gate.
In order to find the exact temporal delay of RNS2 signals for compensating the EOM and detector's response, we sent photons in |H state into the EOM oriented at 45
• (Fig.8 (A) ). At the low level of random number signal, EOM will rotate the polarization states of photons to |V state and Detector V fires; at the high level, the polarization states of photon keep unchanged and only Detector H fires as shown in Fig.8 (C) . The signal pulses from Detector H will do AND operation with RNS2 and inverted RNS2 (Fig.8 E,F) . When we find the right delay between RNS2 and detector pulses, there should be a maximum contrast between the output counts of the two AND gate. This is because that, at the high level of random number signals, the polarization states of the photon are mainly at |H . In our experiment, we obtained a maximum contrast about 18:1 with 5 MHz random number signal with the correct delay. This is shown with the single-photon counting results in Fig.9 . Complementary illustrations of Detector V are shown in Fig.8 . G, H and I.
Appendix C: Connection: Fibers and Cables
Single-photon detector signals of D1-D4 and D7 in Lab1 are transmitted to Lab2 by five 210 m coaxial cables. The amplitude of pulses from detectors is 4.37V and decreases to 2.84V after passing the long cable while the rising/falling time keeps almost unchanged (6ns/10ns), respectively.
The long fiber used to transmit photon C is 780HP single-mode fiber. It's protected by Polyethylene pipe and a buffer tube. The polarization stability is measured with laser light and shown in Fig.10 . Although there are small periodical modulations in power due to the inefficiency of the air conditioner temperature feed-back loop in Lab1, the polarization contrast is maintained to be more than 100 over 24 hours.
Appendix D: Analysis and experimental results
Theoretical calculations and experimental data
Theoretical calculations and experimental results of P C and P Q for projecting photon S on |H S and |V S are shown in Fig.11 and Fig.12 , respectively. Note that the data presented in Fig.11 (B) and (D) are identical to that shown in the Fig.3 (C) and (F) in the main text.
The corresponding equations are:
where ϕ is the relative phase between the two paths of MZI; α is the angle of projection angle; δ is the phase in ρ CA and equals to 0 in Fig.11 (C), 12(C). P S=|H |A=|α ⊥ (ϕ, α) (P C in main text) shows a classical mixture of |w and |p ; P S=|H |C=|A ,A=|α ⊥ (ϕ, α, δ) (P Q in main text) shows a quantum superposition of |w and |p .
We obtain the above probabilities from the experimental coincidence counts obtained in the experiment:
where C ijk represent the three-fold coincidence counts of photons S,C,A with polarization i,j,k conditionally on the detection trigger photon T, respectively.
As mentioned in the main text, the most direct proof for the quantum nature of the wave-particle superposition is to show that the result is sensitive to the relative phase between the wave and particle states, δ. In experiment, we fix α = π 4 and measure P C (|H s ), P Q (|H s ), P C (|V s ) and P Q (|V s ) to show their different depen- dence on phase δ. When α = π 4 , Eq.D1-D4 give
The results are shown in Fig.13-14 . Note that the data presented in Fig.13 (B) and (D) are identical to that shown in the Fig.4 (C) and (F) in the main text.
Data fitting
One of the main contributions reducing the contrast of our results is the multiphoton emission from SPDC source. Here we introduce parameters to describe the imperfect state. The ideal state of the generated photon pairs are:
In our analysis, they are approximated to be Werner states [38] :
with fidelities F 1 , F 2 , which can be obtained via experimental results. Multiphoton emission reduces both fidelities. Before entering the CZ gate, photon S passes through Hadamard gate (H S ), SBC (Phi S ), W gate (W S ) sequentially. Photon A passes α gate (Alpha A ). We denote all the operations above as M 1 and the current state as ρ 1 : 
After the CZ gate, we denote the current state as ρ 2 .
Multiphoton noise and the imperfect optical components (such as PPBS, wave plates and so on) reduce the interference contrast in Mach-Zehnder interferometer. We approximate the effect as white noise. Under this approximation, the effect contributes to each item of coincidence counts equally. Adding white noise item to ρ 2 gives ρ 2 :
where F 3 is related to the HOM interference contrast and hence the fidelity of the CZ gate.
Photon S passes another W gate after CZ gate (Eq. A1) and gives the final state ρ 3 :
Then we can obtain the following results as functions of the three parameters F 1 , F 2 and F 3 : 
where P ijk stands for the probability of obtaining photons S,C,A in i,j,k polarization, conditionally on the detection of photon T. Based on the above analysis, we plot the theoretical predictions with the parameters value of F 1 = 0.98, F 2 = 0.90, F 3 = 0.61, as shown in surface plots in Fig.11-14 B, D.
3. Comparison between the quantum superposition and the classical mixture of wave and particle states in a delayed-choice experiment
To show the difference between quantum superposition and classical mixture of |w and |p , we compared average value and value at ϕ = 0, δ = 0 of them: P C = P S=|H |A=|α ⊥ and P Q = P S=|H |C=|A ,A=|α ⊥ which are calculated from experimental data. The results are in Fig.15 which shows a clear difference between P C and P Q . FIG. 11 . Demonstration of continuous transitions between particle and wave states in both classical and quantum scenarios. (A) Simulated ideal and (B) measured probabilities P S=|H |A=|α ⊥ (ϕ, α) for a classical mixture of particle and wave states. We scan the phase ϕ in MZI for photon S and polarization rotation angle α of photon A. The experimental data are shown in red dots. (C) Simulated ideal and (D) measured probability P S=|H |C=|A ,A=|α ⊥ (ϕ, α, δ) for a quantum coherent superposition of particle and wave states. Note that the parameters used to calculate the surface plots for probability distributions shown in (B) and (D) are based on the values obtained from the independent characterizations of our photon-pair sources, CH gate and polarization contrast. The error bars are derived from Poissonian statistics and error propagations. Fig.11 . (A) Simulated ideal and (B) measured probability P S=|V |A=|α ⊥ (ϕ, α) for a classical mixture of particle and wave states, where the phase ϕ in MZI for photon S and polarization rotation angle α of photon A are scanned. The experimental data (red dots) and the theoretical predictions (surface plots) show good agreement. (C) Simulated ideal and (D) measured probability P S=|V |C=|A ,A=|α ⊥ (ϕ, α, δ) for a quantum coherent superposition of particle and wave states. Note that the parameters used to calculate the surface plots for probability distributions shown in (B) and (D) are based on the values obtained from independent experimental measurements. The error bars are derived from Poissonian statistics and error propagations. 
FIG. 12. Complementary results of

